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DISCUSSION OF
"THE DETECTION OF PREHISTORIC EARTHQUAKES
FROM FRACTURED CAVE STRUCTURES"*
I welcome the suggestion made by Mr. Lange to investigate earthquake-produced
fragments of stalagmites in American cave regions in order co check the utility of the
method. Here, I endeavor to answer questions raised and amplify these with both new
and old observations.
First, I wish to point out that I regard volcanic eruptions as causes of strong quakes
only in several unusual cases (explosive-like blow-oms), besides their being possible
secondary phenomena accompanying strong tectonic earthquakes.
Since we still know tOO little abour the influence of the various wave types on underground voids, the question can be answered only if enough material from large and diverse
cave regions becomes available. The geologic structure of the cave region and adjacent
alluvial valleys, as discussed by Westphal and Lange (1967), must be carefully considered.
If in a given stage an analysis becomes possible, it is likely that we shall find very
specific effects of the various wave phases on different media of the cave contents-c-sedimenrs and speleothems-as well as on the country rock. From my investigations to date I
incline towards the view that longitudinal, compressional (P) waves are responsible for
the stalagmite damage. The following observations indicate this: The stalagmite fragments
in all the caves visited by me thus far have shown the same Structure for the individual
generations of fracturing (stump and fragment length relationships) (SCHILLAT, 1965,
1969a). The thickness of the underlying sedimentary material as well as the bedding of
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the cave rocks (steep, horizontal, thick or thin) have had no obvious influence. Also,
there are indications that breakage occurred suddenly, before other movements in the
cave chambers.
The continuing measurements of fragments in the Riesenberg Cave, discovered in
1969, confirm the hypothesis of Lange. Approximately 100/0 of the measured tapered
stalagmites of an old generation show fragments displaced 1800 in azimuth. Massive,
broken stalagmites of another earthquake, on the other hand, show unequivocal directions.
Cave sinter, despite its diverse stratification of material is here viewed as a uniform
substance for all cave regions, offering in its crystalline structure special conditions for
the passage of particular wave types; even a reinforcement is conceivable. In longitudinal
curs of broken stalagmites and stalactites, could be seen the following. The formerly fracture-free surfaces, especially in dear material, are covered by a network of deeply pene~
tracing cracks, oriented along the (1011) cleavage surfaces. Thicker stalagmites deviate
somewhat from the rule: In the center, cracks occur along (1011), while along the sides
and towards the tip, fan-shaped cracks are observed. In several specimens could be seen
also arcuate cracks, probably stress-conditioned. Cross-sections of floor and wall sinter
usually show only fan-shaped, elongated crystal fascicles perpendicular to the layering.
These occurrences clearly show that stalactites and stalagmites exist in a state of latent
crystal stress. At the old fracture surfaces are usually seen surfaces of cleavage
rhombohedrons.
Earthquake oscillations passing through floor fiowstone thus encounter in the sralagmires points of essentially elevated crystal stress and strata thickness ranging from 1 to
50 times. Amplitude and velocity of oscillations are thereby considerably increased. With
sufficient energy, sharp fracturing results and, in some cases, shearing of the stalagmite.
As a rule, a stump remains standing. It is noteworthy that taller stumps for the most
part still show 1 or 2 cross-fractures. A felling of the remaining stump at such cracksoften seemingly healed-is not uncommon and comes about probably with lesser energy.
The broken stalagmites show one or more cross-fractures only in large specimens. Longitudinal cuts on 40 broken stalagmites show cross-fractures only in 2 examples over 20cm
long. That the sheared stalagmites show no cleavage planes along (1011) demonstrates
the suddenness of fracturing. Spacing of the observed cross-fractures implies a regularity
of oscillation.
Stalagmites having bowl-shaped shear zones are established as one additional form.
These are stalagmites containing layers of impurities, that interrupt the recrystalizarion
pattern and therefore mark the boundaries of stress fields. Earthquake waves reflect at
these layers and breakage most frequently occurs along the lowermost impurity layer
(Figure 1). Additional observations are discussed in SCHILLAT (1969a).
The following remarks concern the distance effects of earthquakes: The Lisbon earthquake of November 1, 1755 caused, along with the effects described in SCHTLLAT
(1969b),
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and RICHTER (1958) distinct, and to some extent, strong, locally confined water-movements in various Mecklenburg lakes as far as the Oder at Gartz (,_,3000km). The
observed NE-SW water movemenrs and the upwellings and spurtings of fountains confirm the unusual undulations. It is interesting that these effects remained confined
certain localities and linear groupings; char observations were lacking in surrounding
areas is amazing. We can only suppose that at these localities unusual zones of stress were
manifested in the crust. These stresses might originate from salt domes, tectonic breaks
and plutons. In this connection I can cite the distance effect of the Assam earthquake
(Tibet) at the Bracken pluton in West Germany, 8000 km away (OPPERMANN, 1950).
About 1555 M.E.T. on August 15, 1950, a multiple, sharp Im-rising of the water level
was noted in a Clausrhaler mine; while at nearby Gorringen Observatory, the instruments
registered the Assam earthquake at 1555.
Now some findings from the new Riesenberg Cave:
A) It has been found that deeply penetrating open fissures have played a shielding
role, protecting speleothems in various parts of the cave from damage.
B) The old generation of sinter shows here also considerable damage due to a shock
from the west. Several stalagmites having d-unecers of 570mm and lengths of 1.2m were
displaced 1.85m from their bases.
C) The headwall of a quarry is being worked only 30m from parr of this cave, thus

to
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view and section of fragment;
b) Fracturing in wall sinter; c) Stalagmites
on breakdown
blocks
(These show no visible
damage);
d) Ceiling speleothems
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likewise
show no damage) ....
... The broken stalagmite a displays outwardly a longitudinal end 2 fine cross-fractures: it was cut in the
plane of the former. Unlike material felled by earthquakes, here the above fractures are steeply Inclined.
They are probably manifestations
of the higher frequencies
present
in the immediate vicinity of the
explosion.
The stump and cross-fracture
relatiol"lship correspond
to earthquake
fractured material. The
crack patterns in floor and wall sinter likewise invite comparison.
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providing the opportunity for direct measurements using portable seismometers to record
blast effects (Figure 2). ,
From my past experience I would like to make some proposals for the application of
the work mentioned by Lange. Cave investigators who study the fracture problem in cave
deposits are confronted by a chaos of evidence. A systematic procedure in the following
3 parts should, however, lead to results:
1) Surveying of the most readily visible manifestations; such as direction of fall,
fracture patterns in massive forms, shifts of floor and ceiling structures, differential thicknesses of speleothems, amount of redeposition, and orientations of fragments;
2) Comparing of srrnrigraphies and their associations with different generations of
fracturing by examinations of longitudinal sections of broken material. Distinctive markers
will be found in the stratifications; these will be explored in a future publication;
3) Dating by the (1.1 method to establish a chronological classification of material
back to 50,000 years (GEYH & SCHILLAT, 1967).
I conclude this discussion with some remarks on the application of this work: Every
sectioned stalagmite shows in its heterogeneous layering a particular cross-seerion of recent
earth history, exhibiting faithfully events occurring at earth's surface, such as climatic
changes and movements of impurities in underground waters. Evidences of tecronic
events such as earthquakes also appear in the speleothem chronology and can provide important time markers over a more or less extensive area, depending on the magnitude and
local intensity of these events. If these studies succeed in determining earthquake epicenters
even crudely, a considerable advance has been made. It puts us in a position to compare
these epicenters with geologic structures, or to provide geology as well as geophysics with
suggestions for further investigation in particular areas. It is conceivable that these
methods are also valuable in sedimentological investigations. Speleothem chronology is
comparable to a valuable book that is only beginning to unfold; every initiative that contributes to it should be welcomed.
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Bodo Schillat
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REVIEW
(1969). The I'fo-rld of Bats. Patrick Stephens Lrd., 5> Ely
Place, London Eel. (also Holt, Rinehart, and WinstOn, New York) 171p.

LEEN, NINA & ALVIN NOVICK

ROGER W. & WAYNE
H. DAVIS (1969). Bats of America. University Press
of Kentucky, Lexington. 286p.
Within the classMammalia, tbe order Chiroptera is exceeded in total number of species
only by the order Rodentia. However, due to their secretive nocturnal habirs, the study
of bats has lagged behind the other branches of mammalogy. The development of modern
collecting devices and techniques, such as the Japanese mist net, has increased greatly the
body of available information on bats during the last few decades. We arc now presented
with not one, but tWO volumes assembling portions of these data.
The Wortd of Bats, described on the dust jacket as a pictographic essayon bar behavior,
is written for a general audience, although the depth of coverage varies greatly from one
part of the book to another. The book is divided into chapters on wings, flight, social and
family life, foraging, locomotion, and ~ particularly detailed and interesting chapter on
echolocation. There is a forward by Miss Leen (a staff photographer for Life il;lagClzin.e)
describing how she became interested in bats, an introduction to chiropterology by Novick
(an associate professor of Biology at Yale University, wirh research experience in chiropreran physiology and acoustic orientation}, and an appendix by Miss Leen describing some
of her experiences in photographing bats. The extremely readable text (by Novick) is
supplemented by numerous anedores from his field work in the tropics. The photographs
by Miss Leen are superb. Bats are shown feeding, lighting, resting, hibernating, swimming
and grooming in natural-appearing habitats and positions.
Representatives of 13 of the 17 families of Recent bats are depicted or discussed
within this book. The mammalogist, however, will be disturbed by the lack of references
and index. I feel that these omissions detract significantly from the usefulness of the
volume. One additional criticism: The statement (on page 132) that soaked bats never
survive puzzled me especially since it was followed by a series of photographs of a swimming flying fox (Pteropusj,
The combined experience in bat research of Roger Barbour and Wayne Davis, both
of the Zoology Department of the University of Kentucky, spans about 50 years. In Bats
of America they have made a major contribution to manunalogy which will prove to be a
valuable reference for both the scientist and the layman. Their intent, as stated in the
preface, is to provide a single reference for the identification of Recent bats from the
United States and to summarize the available information on their life histories. The book
contains an illustrated key to adult bats, an iurrcductory chapter on chiroprerology, and an
account of each of the resident species of bats found within the borders of the United
States. In addition, they provide a guide [Q some of the techniques used in [he study of bats,
a glossary of scientific names, a relatively complete list of references, and an index.
Each species account is accompanied by a colored plate (in a separate section in the
center of the book), black-and-white pictures of the cranium and Other key characters,
and a range map. The text of each species account typically includes a statement of the
characters peculiar to the species, variation (in terms of subspecies) found within the
United States, comparisons with similar species, habitat, range, and reproductive data. For
better-known species, information on hibernation, migration, food and feeding, and behavior are included. No attempt is made to provide complete coverage of bat parasites, although a cursory survey is provided. The guide co the study of bats contains information
on such topics as finding, handling, marking, transporting, maintaining, photographing
and preserving bats as well as the locations of major research collections within the United
States, sources of bat bands, and the names of major American 'journals containing
papers on bats.
BARBOUR,
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Of the 40 species of bats included, one, Myotis occulsas, is now regarded to be a
subspecies of M. Ittcifltgtts (FINDLEY & JONES, 1967; BAIWOUR & DAVIS, 1970). No account is included for such stragglers as Bncbistbenes hartii and Diph,llla ecaudata, which
have

been found recently

in Arizona

(IRWIN

& BAKER, 1967)

and in Texas (REDDELL,

1968), respectively. The general quality of the colored plates is good, although it does not
compare with that of Bats of the lj:7orld. It is, however, unfortunate that the legends for
T adarida macrotis and T. femorosacca
were interchanged on Plate 21. It might also have
been well [Q point out the synonymy of Myatis liebi and M. subulatus in the text as well as
implying it in tbe index, at least for the benefit of the layman attempting to confirm
identifications made from the older literature.
130th of these books provide valuable sources of information about a very common,
but little understood, segment of the biota. Written for different audiences and from different points of view, they provide a complementary pair of volumes to be welcomed by
anyone with an interest in the biology of bats.
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FROM THE CURRENT LITERATURE
N. N. (1970). New gypsum formations
Nauk, Doklady 193: 1143-1146.

DUBLAYANSKII,

Akademia

in karst

GIV~S

of upland

Crimea.

USSR,

Caves containing secondary gypsum
deposits are located near disjunctive
fractures. The gypsum
is found only about 50 to 400m within the cave entrances where the annual temperature fluctuation
is O.2°C and the barometric pressure var iarion is u.jmm Hg. Gypsum
in the Crimea caves appears

to have been formed by secondary oxidation of iron sulfides.

-R$H

DUPLESSY,].
C.,]. LABEYRLE, C. LALOU & H. V. NGUYEN
(1970).
Continental climatic variations between 130,OOO-and 90,000 years DP, Nature 226: 63 [-633.
A very pure stalagmite 244cm high, and lOcm in diameter
was sampled
at intervals along its
central axis. Five analyses by the "'lTh/",nU
method at about 0.)111 intervals
show that the stalagmite
grew from about 130,000 to 90,000yr BP. A total of 45 analyses at about 5cm intervals for 31'0 shows
a temperature
curve that agrees well with the Milankovitch
solar-radiation
curve based on the precession and 'tilt of the Earth's axis for chis time period, The sralagmice grew during the Wlirm-Riss
(Sangamon)
Interglaciation,
and the data show a tempt ature range at the cave then of 4°C.-GWM
FOR.i.~AEA-RINALDI,
G., C. PANlCHI & E, TONGIORGI
(1968). Some causes of the variation
of the isotopic composition of carbon and oxygen in cave concretions. Earth lind Phllletary Science,
Letters 4: 321-324.
The 8t~C content of 22 em of travertine
on 2000-year-old Roman tile in a cave near Sareano, Italy,
decreases with younger age from about - 8 to -11 %, whereas 3 L,'O remains
constant at abovr - 5.5%.
Comparison
between samples from dark fine-grained layers and adjacent coarsely-crystalline
layers in
stalactites
and stalagmites from Santa Lucia and Monticello Caves shows the former to average a,aC :::
u
-10%and
3"0=-5.5%
whereas the latter averages 3
= - 11% and 8'"0 =.- 6.5%.
-GWM

e

KOROLEV,
M. E. & M. S. KASHTANOV
(1968).
Karst and fracture-karst
waters of the Enisei
Ridge area north of the Angara River. GOJUdar.rlv811wyiUrti1lerJitet, U(;hen"(j ZajJiski 128: 93-10l.
An ancient buried karst and recent surface karst have been identified
in this study area in the
U.S.S.R.
The former developed mostly in Precambrian limestones at their contact with granite;
the
latter has formed in the same rocks due to 1) intense fracturing, 2) heavy precipitation
(~500mm/yr),
and 3) the structural position of the carbonate rocks. Narrow and deep pipe-like holes are most common. The fracture-karst waters and bedded pore waters of fill have mineral contents of 100 to 500ms/I.
-RSH
MAKARENKO,
F. A. & V. P. ZVEREV (1970). Hydrogeochemical
and hydrodynamic
principles of
karst development.
USSR, Akademia Nauk, Doklatly 192: 626-628.
Karst is formed by the interaction
of natural waters with soluble rock boundaries, bur only in the
presence of convective mass transfer of dissolved solid material, capable of redistributing
large masses
in a short time. Molecular diffusion alone cannot produce karstification.
The rate of solution of soluble
rock is proportional
to the square toot of the rate of liquid phase movement
and the coefficient of
collective diffusion; thus karsting depends directly on the dynamics of subsurface
waters. Three typical
zones of karst development,
corresponding
to (he 3 zones of subsurface
discharge can be delineated:
1) an upper zone of active groundwater
discharge and intense karst development
above the Ioral
erosional
level; 2) a medium
zone of restricted discharge below rhe above zone but above the
regional
ground-water
level; and 3) a lower zone of very restricted discharge
showing weakly developed karst.
-RSH
MAKSIMOVICH
G. A., I. N. SHESTOV
& A. V. SHURUBOR
(1968).
Mineral waters of the Perm
region karst ca~erns. Karst Urala P1'iural: 92-95.
The effects of C1-Na, S04"CA, N, CH4, and H2S waters in caves of the Perm region are described
with the spatial distribution
of the waters.
-RSH

Y. I. & E, V. KHARAKHASH'YAN
(1968).
Karst and its role in reservoir rock
in the Markovsk oil and gas deposit. Razrabotke, Tramporttt
i IJpol'zovalllYI. PI'irod1togo
Gaza, Nauchnoi-TechnichcJkii
Sbornik po Geologii, no. 3: 17-22.
Being in a hot, dry parr of the U.S.S.R., the karst precess has been limited in time and space,
During
sedimentation,
the karst was covered with soil nne! rock, resulting
in oil and gus accumulations.
Storage capacity is due more to isolated caverns than 10 Interconnected
pores.
-RSH

MAR'ENKO,
formation
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NGUYEN, H. V. & C. LALOU (1969). Comportement gecchimique des isotopes des familles de
luranium et du thorium dans les concrctionements de grones: application a [a deration des
stalagmites. Paris, Acadenue des Sciences, Comotes Rendus 2690: 560-563.
Analysis of a stalagmite from Aveo d'Orgnac, France, by means of the "''Th/2J,jU method indicates
that it wew at a rate of OAcm/lOG years between 130,000 and 100,000 years ago and l.Scm/IOO
years between 100,000and92,000 yearsago.
-GWM
SCHN1TZER, W. A. & W. WAGNER (1968).
labelling. VlJm WMser 35: 227-236.
Odors are recommended for the study of the
have a characteristic odor in very dilute solutions,
and have low vapor pressures. Isoamyl salicylate,

Requirements of odorous substances for karstwater
path of underground karst waters. Odorants must
maintain their stability in air, be soluble in water,
isobromyl acetate and dipentene are recommended.
-RSH

VILLINGER, E. (1969). Hydrological studies of karst in the Reutlingen Alb, Swabiau Jura. BadenWiirttemberg, Geologiscbe LaudeJamt, jahresheft 11: 201-277.
Karst reservoirs in the Jura Alb show storage rimes from 1 to 4 months. Cavernous volume of the
White Jura karst is probably greater than 1. % of the total rock volume, Chemical parameters of karst
springs show only small seasonal variations, and storage rime appears to have no effect on the chemical
composition of the spring waters.
-RSH
VITALIS, G, (19GB). Karst formation in the western part of the Nagyssal Mountains, Hidrolo'giai
K&'zlony 48: 542-548.
A hydrogeological and karst formation map is presented, based on information from 28 wells. A
geophysical profile, using natural y, y_yand neutron-Ylogging
techniques was used to locate caverns.
To a depth of 400m, the degree of karsting was 0.76% prior to Oligocene time and 10.45% thereafter.

-RSH
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